The sulfurization behavior of BaTi0 3 fine particles was studied by thermogravimetry (TG) using CS 2 . The sulfurization process of the fine particles was carried out at a heating rate of 1 °C min" 1 by using a quartz springtype thermo balance in a CS 2 /N 2 gas flow. 
INTRODUCTION
On the other hand, it is well known that the reduction of particle size originates variations in some properties that were observed in single crystals or larger to this mixture to make a total volume of 100 ml. 6.31 g of Ba(0H) 2 .8H 2 0 (Wako) was dissolved in 10 ml of decarbonated water and to this solution 10 ml of stock solution was added and maintained in agitation for 1 hour. The resulting gel was heated in an autoclave at 250°C for 3 hours. The fine particles were recovered by centrifugal separation, washed with water under ultrasonication for three times, and finally the fine particles were dried at room temperature for 24 hours.
As-prepared BaTi0 3 nanoparticles were named as BT01. Another two kinds of BaTi0 3 powders with rather larger sizes were used for controls; they are named BT02 (99.9 %, High Purity Chemicals) and BT03 (99 %, Wako).
Thermogravimetry
Thermogravimetric analyses of BaTi0 3 in argon gas atmosphere were performed from room temperature to 1000°C with a heating rate of 5°C min" 1 by using a Rigaku Thermoplus TG8120 analyzer. A1 ;: 0 3 powder was used as a reference.
In order to determine the sulfurization behavior, TG curves in CS 2 atmosphere were obtained by means of a quartz spring-type thermobalance, which consists of a vertical resistance tube furnace and a quartz spring with the sensitivity of 6.7 mg mm" Was used as-received. Argon and nitrogen gases of 99.99% purity (Nippon Sanso) were used as Received.
Characterization
The products were identified by X-ray diffraction analysis using a Rigaku Type RAD-IC diffractometer 
RESULTS AND DISCUSSION
The transmission electron micrographs of the synthesized BaTi0 3 (BT01) and both commercial powders (BT02 and BT03) were shown in Fig. 1 sample (Fig. (a) ) shows it to have the smallest particles compared with those of commercial powders (Fig. (b) and (c)). It was seen that the particles of BTOI were well crystallized and had a cubic morphology. The average particle size was estimated to be 95 nm with a specific area of 12.42 mg m" 2 . On the other hand, virtually large particle size was observed in commercial powders, BT02 and BT03, whose average sizes are approximately the same, ca. Ιμιη.
The XRD analyses for those powders (Fig. 2) showed a tetragonal BaTi0 3 phase for BT02 and BT03
samples. However, BTOI sample took a cubic structure with a slightly smaller lattice since the peak positions shift to higher angles compared with the reference data (JCPDS 31-174). This kind of structure is called pseudo cubic structure, which is produced by OH defects in the structure of BaTi0 3 /8/. Furthermore, the crystalline size of BTOI is the finest judging from peak broadening. only contained water as impurity. The total amount of decomposition of the sample was evaluated as 1.6%. In the cases of the BT02 and BT03 samples, these showed a weight loss around 0.04 %; there are practically no weight changes.
The purity, uniformity in particle size and shape, and 3) sulfurization and 4) decomposition of BaTiS 3 .
The reduction of particle size modified the sulfurization behavior of BaTi0 3 powders so we could see that the starting temperature of sulfurization and decomposition decreased with decreasing particle size, the rate of conversion from oxide to sulfide was slightly higher in nanoparticles and the amount of sulfur loss was higher in nanoparticles than in large particles. 
